Methicillin resistant Staphylococcus aureus (MRSA) is endemic in India and is a dangerous pathogen for hospital acquired infections. This study was conducted in 15 Indian tertiary care centres during a two year period from January 2008 to December 2009 to determine the prevalence of MRSA and susceptibility pattern of S. aureus isolates in India.
Staphylococcus aureus continues to be a dangerous pathogen for both community-acquired as well as hospital-associated infections. S. aureus resistant to methicillin were reported soon after its introduction in October 1960 1 . Methicillin resistant S. aureus (MRSA) is now endemic in India. The incidence of MRSA varies from 25 per cent in western part of India 2 to 50 per cent in South India 3 . Community acquired MRSA (CA-MRSA) has been increasingly reported from India 4 .
A network of microbiology laboratories (Indian Network for Surveillance of Antimicrobial Resistance -INSAR) at premier medical colleges and hospitals in India was formed with support from the World Health Organization (Figure) . The network aims to monitor antimicrobial resistance and to review the magnitude of its problem in India. Initially, a few organisms of public health importance have been chosen for monitoring their prevalence and antimicrobial resistance patterns, 364 
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Fig. Places marked with red dots are INSAR members whose data one oncluded in teh study. Places marked *are INSAR members whose data are not included in the study.
with S. aureus being chosen among the Gram-positive organisms. All participating laboratories shared their antimicrobial susceptibility data and provided technical support to other members. The present study provides a national level initiative to understand emerging trends of antimicrobial resistance among clinical isolates of S. aureus and provides a platform to initiate epidemiological studies for staphylococcal infections.
Material & Methods
The present study was a two year (January 2008 to December 2009) retrospective study. Each centre provided their susceptibility data for S. aureus isolates for the study period in a defined template. The data were collated and analysed. The template included patient's location, source/specimen of the isolate and the antibiotic susceptibility profiles. The antibiotic susceptibility testing was performed at different study sites by the Kirby Bauer's' disc diffusion technique 5 and/ or minimum inhibitory concentration (MIC) testing, using Clinical and Laboratory Standards Institute (CLSI) recommendations 5 . Cefoxitin (30 μg) and/or oxacillin (1 μg) were used for methicillin resistance.
The other antibiotics tested included penicillin (10 units), gentamicin (10 μg), co-trimoxazole (1.25/23.75 μg), ciprofloxacin (5 μg), erythromycin (15 μg), clindamycin (2 μg), vancomycin (30 μg) and linezolid (30 μg). Discs from Hi-media (Mumbai) and Oxoid (uK) were used by the participating laboratories. Inoculum was prepared by making a direct saline suspension of isolated colonies selected from an 18-to 24-h blood agar plate. Turbidity of the suspension was adjusted to achieve a turbidity equivalent to a 0.5 McFarland standard and five discs were applied on a 100mm Mueller Hinton agar plate as per CLSI guidelines. S. aureus ATCC 25923 was used as the quality control strain for disc diffusion.
Chi square test was used to compare antimicrobial susceptibility data. (Table II) . Throat swab and genital specimens were received mainly from outpatients whereas S. aureus isolated from tissue, catheter tips and fluid from sterile body sites were predominantly from inpatients. Other specimens received included ear swabs, nasal swabs and skin swabs and fluids.
Results

Of
Antibiotic susceptibility testing data for erythromycin, clindamycin, co-trimoxazole, gentamicin, vancomycin and linezolid were compiled. There was no resistance documented against vancomycin and linezolid. Resistance to antibiotics amongst the MRSA isolates was more than that in methicillin sensitive S. aureus (MSSA) (P<0.001) ( Table III) . The susceptibility to other antibiotics from different centres was analysed. (Table IV) . There was no uniform difference in the susceptibilities between centres of north, south and west India.
Discussion
Among the Gram-positive pathogens, S. aureus continues to cause skin and soft tissue infections (SSTI) in the community as well as invasive infections in the hospitalized patients. In a recent Europe-wide survey, the most common organisms in SSTIs were S. aureus (71% cases) with 22.5 per cent being MRSA 6 . The proportion of MRSA varied among countries ranging from 0.4 per cent in Sweden to 48.4 per cent in Belgium 6 . In a study in uS 7 spanning over 10 years, there was an increase in the overall incidence of S. aureus during this period with an increase in community onset MRSA SSTI.
The overall MRSA prevalence in our study was 42 per cent in 2008 and 40 per cent in 2009. The prevalence of MRSA in a study from Chennai 3 was reported as 40-50 per cent. S. aureus constituted 17 per cent of catheter related blood stream infections (CRBSIs) in that centre. A high prevalence of MRSA (35% in ward and 43% in ICu) was observed from blood culture specimens in a . In the present study, MRSA isolation rates from ICu and wards were higher than that seen among outpatients. Patel et al 2 reported a change in the blood stream infections with S. aureus emerging as the predominant pathogen in recent years.
Around 60 per cent of the S. aureus isolates in our study were from SSTI. The prevalence of MRSA varies between regions and between hospitals in the same region as seen in a study from Delhi 9 where the MRSA prevalence in nosocomial SSTI varied from 7.5 to 41.3 per cent between three tertiary care teaching hospitals. In our study, the MRSA isolation varied between different hospitals. The participating centres included teaching hospitals, tertiary care private hospitals and a children's hospital. The patient profile varied between these centres and may account for the different MRSA isolation rates. Verghese et al 10 reported Gram-negatives being predominantly isolated from their samples. S. aureus accounted for less than 25 per cent of SSTI among their patients and the overall MRSA rate was 35 per cent 10 .
CA-MRSA isolates are now being increasingly reported from India. D' Souza et al 4 studied 412 confirmed cases of MRSA and found that 54 per cent were true CA-MRSA possessing the SCCmec IV and SCC mec V genes. These were mainly isolated from SSTIs. CA-MRSA isolates also showed variable resistance to ciprofloxacin, erythromycin, clindamycin and tetracycline. Chatterjee et al 11 found the overall prevalence of S. aureus nasal colonization was 52.3 per cent and that of MRSA was 3.89 per cent in the community.
In a study from north India 12 , the prevalence of MRSA was 46 per cent and MRSA isolates were found to be more resistant to other antibiotics than MSSA. Significant difference was observed in case of erythromycin, ciprofloxacin, gentamicin and amikacin.
Vancomycin is considered inferior to β-lactams for the treatment of MSSA bacteraemia and endocarditis 13 . Therefore, the first-generation cephalosporins are the drugs of choice for the treatment of MSSA infections in patients who are unable to tolerate antistaphylococcal penicillins. De-escalation of vancomycin to β-lactams should be encouraged in all cases of MSSA. With MRSA isolates being widespread, it is imperative that treating physicians de-escalate to β-lactams once the culture sensitivity results reveal a MSSA isolate. Preservation of glycopeptides and linezolid for use only in MRSA cases should be encouraged.
Our study had the following limitations. Firstly, the data obtained from all the centres were not uniform with respect to the antibiotics tested. Hence an accurate determination of multidrug resistance in all the MRSA isolates could not be done. Secondly, molecular studies have not been done for these isolates to differentiate between CA-MRSA and healthcare associated MRSA (HA-MRSA).
In conclusion, this study demonstrates that MRSA is a problem in India. More number of MRSA isolates were multidrug resistant as compared with the MSSA isolates. Glycopeptides and linezolid continue to remain the mainstay for treatment for MRSA infections.
